SUMMARY Collagenase etching has been used to show the microstructure of bone from patients suffering from primary osteoporosis. Both 
There are many published studies demonstrating the reduction in trabecular bone volume and bone mineral content in osteoporosis.1-5 The ultrastructure of the mineral and its relation with the collagen, however, have received little attention.
The structure of the mineral component of normal bone material has long been the subject of investigation, giving rise to a diversity of opinion. Early investigators, relying on line broadening and low angle diffraction experiments6 and transmission electron microscopy of thinly sectioned material, 7 The intact femoral heads were sectioned with a hand hacksaw in the mediolateral plane. Specimens were then removed from the centre of the head and prepared for examination in the scanning electron microscope.
Specimens were first polished using carbide papers and polishing alumina. Subsequently they were thoroughly washed in distilled water to remove any adherent alumina, then boiled in distilled water for five minutes to denature the collagen. Aliquots (5 ml) of collagenase solution were made up in a calcium containing trometamol (TRIS) buffer (pH containing 2100 units of collagenase. Each Figure 6 is a low magnification micrograph of an unpolished surface of a collagenase treated trabecula. Osteocytic lacunae are evident, and the pattern of the mineral can be observed to vary over the bone surface. On closer examination (Fig. 7) the hydroxyapatite is seen to be in the form of rods, which are interconnected forming the continuous mineral phase. The structure is not tightly packed but shows clearly the areas from which collagen fibres have been removed. At yet higher magnification (Fig. 8) these rods can be seen to be -100 nm in Fig. 9 The highest resolution micrograph ofthe Fig. 8 The unpolished surface ofcollagenase etched unpolished surface showing that the mineral rods -100 nm osteoporotic trabecular bone at high magnification shows a across are in turn composed ofsmaller rounded units complex plexiform ofmineral rods and suggests that the -10-20 nm across. mineral rods are composed ofstill smaller units. diameter, and in the very high resolution micrograph (Fig. 9 ) the ultimate units are visualised as the same type of rounded particles (-10-20 nm across) as observed in the polished sections (Fig. 5) .
Discussion
The classical model for the structure of bone mineral and its relation with the collagen envisages a mineral phase consiting of discrete needle or plate-like crystallites intimately linked with the tropocollagen molecules. Recent investigations in this laboratory17-22 have proposed a model for bone in which the mineral exists in the form of a continuous phase composed of spheroidal particles of -100 nm in diameter, which are themselves made up of smaller units -10-20 nm across.
This latter model is more readily reconciled with the known mechanical properties of bone than the former classical model, in which the mineral is said merely to stiffen the collagen. The failure of this model becomes apparent if a bone which has been heated to a temperature above which collagen denatures is subjected to mechanical testing. If the mineral merely stiffened the collagen one would expect the denaturation of the collagen to totally distrupt the mechanical integrity of the bone. This, however, clearly does not occur.
The holes observed in the mineral phase are produced by the removal of the collagen owing to the action of collagenase, and therefore indicate the in vivo position and direction of the collagen fibres. The lamellation observed in the polished sections is reminiscent of the lamellar structure of bovine secondary osteons, which have been studied in some detail using the same technique. '7 18 
